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ABSTRACT 
 
ABSTRACT 
AIM: 
To evaluate the efficacy of three different irrigation methods in removal of Triple antibiotic 
paste. 
1. Syringe irrigation with normal saline 
2. Syringe irrigation with sodium hypochlorite 
3. Passive ultrasonic irrigation with sodium hypochlorite. 
MATERIALS AND METHODS 
Sixty extracted single rooted maxillary central incisors with mature apices were selected, 
cleaned and decoronated to a standard root length of 18mm. The working length was 
established 1mm short of the root length. The root canals were prepared using Protaper 
universal rotary files with F4 being the master apical file. Irrigation was done with 2ml of 
2.5% sodium hypochlorite after each instrumentation and a final flush of 2ml of 17% 
ethylene diamine tetracetic acid was used. The canals were dried with paper points. The roots 
were fixed in eppendorf vials with silicone material. Triple antibiotic paste was prepared by 
using commercially available tablets which were pulverised using motor and pestle. The 
powder was then mixed with propylene glycol in the ratio 3:1 to obtain a paste form. The 
paste was then applied into the root canals using lentulo spirals until excess was visible at the 
apex. A cotton pellet was placed at the access and the root canal temporarily closed with 
cavit. The samples were stored in incubator at 37°C and 100% humidity for 7 days. 
The samples were then randomly allocated to three groups having 20 samples each. In group 
I, irrigation was performed with 30G side vented needle with 10ml of normal saline for 1min. 
In group II, irrigation was performed with 30G side vented needle with 10ml of 3%  sodium 
hypochlorite for 1 min. In group III, irrigation was performed with 10ml of 3% sodium 
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hypochlorite continuously delivered into the root canal and the solution was agitated using 
ultrasonic file inserted 1mm short of the working length for 1min at a power setting of 6.  
The samples were sectioned longitudinally using diamond disc and 40 samples were obtained 
for each group. All the samples were observed under stereomicroscope of magnification 25x 
for the remaining triple antibiotic paste present in the canal. The images of the root canal 
sections were obtained by using digital camera connected to the microscope. The digital 
images were evaluated using Digimizer image analysis software. The amount of triple 
antibiotic paste remaining in the root canal was measured in mm
2 
and was recorded as 
percentage of overall surface area of the canal. A scoring system as proposed by Aksel et al 
was used to score the remaining TAP in the canals : Score 1 – less than 25% of the root canal 
filled with TAP, Score 2 – 25-50% of the root canal  filled with TAP, Score 3 – 50-75% of 
the root canal filled with TAP, Score 4 – 75-100% of the root canal filled with TAP. The 
results obtained were statistically evaluated.  
RESULTS 
The results show that there is significant difference among the groups in terms of removal of 
TAP from the root canal(p<0.001). Group III had the least percentage of remaining TAP in 
the root canal with a mean percentage of 26.4 followed by group II with a mean percentage of 
30.4 and group I with a mean percentage of 41.6.   
Pairwise comparison was made among the groups which showed that there was significant 
difference between group III and group I whereas there was no significant difference between 
group I and group II  and group II and group III respectively.  
 
 
ABSTRACT 
 
 
CONCLUSION 
Within the limitations of this study it could be concluded that none of the proposed irrigation 
methods removed TAP completely from the root canal. However 3% Sodium hypochlorite 
with passive ultrasonic irrigation resulted in better removal.  
KEYWORDS 
Intracanal medicament, Irrigation, Passive Ultrasonic Irrigation, Triple Antibiotic Paste. 
LIST OF ABBREVATION USED 
( IN ALPHABETICAL ORDER) 
 
ABBREVATION WORD EXPLANATION 
CSI Conventional Syringe Irrigation 
DAP Double Antibiotic Paste 
EDTA Ethylene Diamine Tetra Acetic Acid 
ICM Intra Canal Medicament 
LSTR Lesion Sterilization and Tissue Repair 
mTAP Modified Triple Antibiotic Paste 
NaOCl Sodium hypochlorite 
PUI Passive Ultrasonic Irrigation 
SCAP Human Stem Cells of Apical Papilla 
SPSS Statistical Package for Social Sciences 
TAP Triple Antibiotic Paste 
  
    
 
LIST OF FIGURES 
 
FIGURE NO. FIGURES PAGE NO. 
Fig.1 Images of sample selection 29 
Fig.2, 2.A 
Images of standardization of 
samples 
29,30 
Fig.3,3.A, 3.B 
Images of instrumentation of 
samples 
30,31 
Fig.4,4.A,4.B,4.C 
 
Images of preparation of TAP 32,33,34 
Fig.5 Images of application of TAP 34 
Fig.6 Images of storage of samples 35 
Fig.7 
Images of  randomization of 
samples 
35 
Fig.8,8.A,8.B,8.C,8.D,8.E,8.F,8.G  Images of irrigation methods 36,37,38 
Fig 9 Images of stereomicroscope 39 
Fig 10,10.A,10.B 
Representative images of 
evaluation of TAP using 
Digimizer 
40 
  
 LIST OF GRAPHS 
 
GRAPH NO. DESCRIPTION PAGE NO. 
1. Distribution of the scores for the remaining TAP after 
different irrigation protocols 
 
45 
 
LIST OF TABLES 
 
TABLE NO. DESCRIPTION PAGE NO. 
 
1. 
 
Amount of remaining TAP in all the three groups after 
irrigation (%) 
41 
 
2. 
Descriptive statistics for percentage of residual TAP in 
the root canal 
43 
 
3. 
Comparison of mean rank values of the percentage of 
remaining TAP present in the root canal  
44 
 
4. 
Pairwise comparison of the percentage of residual 
amount of TAP present in the root canal 
 
44 
 
 
TABLE OF CONTENTS 
 
S.NO CONTENTS PAGE NO. 
1. INTRODUCTION 1 
2. AIMS AND OBJECTIVES 9 
3. REVIEW OF LITERATURE 10 
4. MATERIAL AND METHODOLOGY 24 
5. RESULTS 41 
6. DISCUSSION 47 
7. SUMMARY 54 
8. CONCLUSION 57 
9. BIBLIOGRAPHY  
10. ANNEXURE  
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                INTRODUCTION 
 
 
INTRODUCTION 
 
1 
 
 
The main goal of endodontics is the complete elimination of bacteria from the root canal 
system. With the routine endodontic procedures followed, it is impossible to shape and clean 
the root canal completely
1
. This could be because of the complex root canal anatomy that 
includes the presence of apical deltas, oval extensions and isthumus
2,3
. The geometry of the 
instruments and the movement kinematics of the instruments inside the root canal space also 
makes it impossible for complete debridement of the root canal system.  
The micro-organisms that are associated with primary intraradicular infection is generally 
polymicrobial in nature and is composed of diverse genera of gram negative organisms like 
Fusobacterium, Dialister, Porphyromonas, Prevotella, Tanerella, Treponema, 
Camphyllobacter, Vellionella and gram positive bacteria like Filifactor, Pseudoramibacter, 
Olsenella, Actinomyces, Peptostreptococcus, Streptococcus, Propionibacterium and 
Eubacterium. The success of root canal therapy depends on the complete elimination of these 
diverse varieties of pathologic micro-organisms. While mechanical preparation of the root 
canal serves as a primary mechanism for the elimination of the bacteria, irrigants and intra 
canal medicaments serve as a valuable adjunct. The irrigants can enhance the mechanical 
debridement by aiding in removal of smear layer, manual flushing of the debris out of the 
root canal, dissolving the necrotic and vital pulp tissues which serve as a harbour of micro-
organisms and by having an effective anti-microbial activity. Various irrigants have varied 
action to aid in debridement of the root canal space. Sodium hypochlorite has been shown to 
aid in dissolution of the pulp tissue present in the root canal space, while saline acts by 
removing the debris from the root canal by mere flushing action. 
Even though irrigation plays a vital role in elimination of bacteria from the root canal system, 
the wide spectrum of micro-organisms demands additional antibiotic agents for their 
complete elimination. The use of systemic antibiotics is considered as a valuable adjunct in 
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treating the poly microbial nature of the pulpal pathology. But their use is not without the 
potential risk of adverse side effects like allergic reactions, toxicity and development of 
resistant strains of microbes. In endodontics, systemic antibiotics are used to control the 
active infection in the pulp space or the peri-radicular area. Hence in a tooth with necrosed 
pulp tissue where the blood supply has been compromised, the localised usage of antibiotics 
in the confined pulp space could be more effective
4
.
  
Thus the combination of instrumentation 
associated with irrigation and intracanal medicament has been proposed to be effective 
against the polymicrobial flora of the root canal
5
. 
Intracanal medicament is an agent that is used in the root canal with an intended 
pharmacological action. Intra-canal medicaments are used in order to improve the 
disinfection of the root canal by the following ways
6
, 
 Eliminate any remaining bacteria after root canal instrumentation, 
 Reduce inflammation of periapical tissues and pulp remnants, 
 Render canal contents inert and neutralise tissue debris, 
 Act as a barrier against leakage from the temporary filling, 
 Dry persistently wet canals. 
The use of antibiotics in dentistry as an intra-canal medicament was first proposed by 
Grossman in the year 1951 by the introduction of polyantibiotic paste. This consisted of a 
mixture of penicillin, bacitracin, streptomycin and caprylate sodium(PBSC). Although the 
clinical studies conferred a therapeutic effect of this combination, it was found that this 
composition was ineffective against anaerobic species which are now being the dominant 
organisms for the endodontic pathology. In 1975, the USA Food and Drug Administration 
banned PBSC for endodontic usage because of the risks of sensitization and allergic reactions 
attributed to penicillin. Later Nystatin replaced Caprylate sodium and was known as 
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PBSN(Weine 2003). This PBSN combination also had the same disadvantage of allergic 
reaction as that of PBSC. This led to the fall in usage of PBSN 
The cariology research unit of Niigata university developed the concept of Lesion 
Sterilization and Tissue Repair (LSTR) in the year 1996
7
. This employs the use of 
combination of antimicrobial agents for the disinfection of oral lesions including dentinal, 
pulpal and periapical lesions. This concept proposes that repair of the damaged tissue is 
expected if the lesion is disinfected. 
The triple antibiotic paste was introduced by Hoshino et al in the year 1996
8
. He proposed 
that a mixture containing ciprofloxacin, metronidazole and minocycline each at a 
combination of 25µg per ml of paste was able to disinfect the root dentine in-vitro. Sato et al 
in the same year proposed that 50µg per ml of same combination of antibiotics was sufficient 
for disinfection of root canal dentine in situ
9
. However the efficacy of this concentration was 
questionable to be used in-vivo. Immature teeth pose several challenges including the 
potential for periapically driven fluid that have a washing-out effect on the antibiotic used 
through the apical foramen. Therefore Windley et al in 2005 proposed the usage of 20mg of 
each drug per ml in-vivo to counteract these potential effects. The introduction of triple 
antibiotic paste was aimed at providing a combination that could possibly be effective against 
all of the micro-organisms in the root canal pathology. This combination is commercially 
available as 3-MIX MP.  
The composition of 3MIX MP according to Hoshino et al, comprises of the antibiotics in 
the ratio 1:1:1.  Ciprofloxacin 200mg : Metronidazole 500mg : Minocycline 100mg. The 
antibiotic and the carrier was mixed in the ratio 1:7 conventionally. It is mixed in the ratio of  
1:5 in 3 MIX MP. The commonly used carrier are macrogol ointment and propylene glycol. 
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According to Takushige T et al, the antibiotics are powdered and mixed in the ratio 1:3:3 
and added with propylene glycol or canal sealer. 
Ciprofloxacin is a second generation fluroquinalone antibiotic. It exhibits a potential effect 
against gram negative bacteria but has a limited activity against gram positive bacteria. It 
inhibits the enzyme bacterial DNA gyrase, which nicks the double stranded DNA, introduces 
negative supercoil and then reseals the nicked end. The bactericidal action probably results 
from digestion of DNA by exonucleases whose production is signaled by the damaged DNA. 
Most of the anaerobic bacteria are resistant to ciprofloxacin. Hence it is mostly used in 
combination with metronidazole.    
Metronidazole is a nitroimidazole compound which exhibits a narrow spectrum of activities 
against protozoa and anaerobic bacteria. It is effective antimicrobial against anaerobic cocci 
as well as gram-negative and gram-positive bacilli. Metronidazole destroys bacteria cells by 
permeating their membrane and then binding to the DNA, disrupting the helix structure and 
causing a very rapid death. In a study performed by Lima et al
10
 on the effectiveness of 
antibiotic-based or chlorhexidine-based medications in eliminating Enterococcus faecalis 
biofilms, there was a significant differences between the tested formations. The combination 
of ciprofloxacin and metronidazole had a remarkable effect in decreasing the number of one 
day old bacterial biofilm. Another study by Wang et al
11
 showed 97% healing when 
metronidazole chlorhexidine solution was applied for the treatment of chronic apical 
periodontitis. Gao et al
12
 evaluated a sustained release of metronidazole  in  gutta-percha 
point containing metronidazole for root canal disinfection and determined that the drug 
concentration in vitro and the time that the device maintained an effective drug concentration 
of 33.13µg/ml for over 10 days which exceeded the minimum inhibitory concentration of 
metronidazole. 
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Tetracycline group of drugs including tetracycline-HCl, minocycline, demeclocycline and 
doxycycline are a group of broadspectrum antibiotics effective against a wide range of 
microorganisms. Tetracycline is bacteriostatic. This could be one of the advantages of this 
subgroup for its safety, because when the bacterial cells are not lysed, there will not be any 
antigenic byproducts released in the infected area such as endotoxins
13
. In addition, 
tetracycline possesses various unique properties, including the inhibition of mammalian 
collagenases, which prevents tissue degeneration and the inhibition of clastic cells, which 
results in anti-resorptive activities. Inflammatory diseases such as periodontitis include 
numerous tissue collagenases which could be prevented by the action of tetracycline, thus 
leading to enhanced formation of collagen and bone
14
. In endodontics, tetracycline has been 
used to remove the smear layer from instrumented root canal walls, irrigate the retrograde 
cavities during periapical surgical procedures and as an intra-canal medicament. 
Owing to the polymicrobial nature of the root canal system, a single antibiotic regimen could 
result in the development of resistant strains. Hence the use of triple antibiotic paste was the 
most practical combination in order to achieve a sufficient disinfection of the root canal 
system. Sato et al
9
 evaluated the potential of this paste to eliminate bacteria in deep layers of 
root canal dentine in situ. According to the results, no bacteria were extracted from the 
infected dentin within the 24 h after the application of the drug combination apart from one 
case in which a few bacteria were recovered. 
Hoshino et al in his study proved that the use of rifampicin along with this mixture resulted in 
increased efficiency
8 
. In a study done by Windley et al
15 
, he evaluated the efficacy of TAP 
in immature dog teeth with apical periodontitis, he found a significant reduction in mean 
colony count with the application of TAP. In a case report presented about an immature 
mandibular second premolar with a pulpless, infected canal with periapical involvement and 
a sinus tract, instead of performing the routine treatment protocol and apexification, two 
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types of antibiotics (metronidazole and ciprofloxacin) were applied to the canal and was left 
empty after the application. The radiographic findings showed the initiation of apical closure 
5 months after the antimicrobial procedure was done. Thickening of the root dentine and 
complete apical closure was confirmed 30 months after the treatment, which indicated the 
revascularization potential of a young permanent tooth pulp in a bacteria-free root canal 
condition
16 
.  
Bose et al
17
, in his retrospective study got to the result that regenerative endodontic treatment 
with TAP and calcium hydroxide has more significant effects in increasing the root length 
than either the non-surgical root canal treatments or MTA apexification. The increase in 
dentin thickness was the highest when TAP was applied during the treatment when compared 
with calcium hydroxide or formocresol. Lovelace et al
18
 showed that the evoked-bleeding 
step in regenerative procedures after disinfection with TAP induces the accumulation of 
undifferentiated stem cells into the canal space from periapical region. These cells could take 
part in the pulp regeneration process only after effective disinfection. In his results he 
reported that, the root canals disinfected with sodium hypochlorite and TAP had a 
significantly less chance of having a periapical lesion, and higher chances of gaining root 
length and wall thickness. 
Hence, TAP is found to be effective in disinfecting the necrotic root canal system that it 
creates a suitable environment for the vital tissue regenerative process. 
Eventhough the TAP is found to have superior advantage in the disinfection of the root canal 
system, there are few disadvantages that makes the complete removal of TAP mandatory. 
The major drawback of TAP is the discolouration of the crown. This discolouration was due 
to the presence of minocycline in the composition
19
. This was due to the photo-initiated 
reaction of the minocycline. Minocycline binds to calcium-ions through chelation reaction, 
forming an insoluble complex.  The discolouration thus produced was bluish-grey in colour. 
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A modification of the current clinical protocol has been proposed by Reynolds K et al
20
 to 
avoid crown discolouration. This method covers the dentinal tubules of the root dentin, thus 
preventing any interaction between tri-antibiotic paste and root dentin walls. The coronal 
walls of access preparation are etched for 20s with 35% phosphoric acid. Bonding agent is 
applied and cured for 20s. Then, a Root Canal Projector with a size 20 K-file is placed into 
the root to maintain patency of canals. Space between the projector and coronal dentine is 
sealed with flowable composite and light cured for 30s. 
Another disadvantage of using TAP is that, when it is used in the regeneration procedure for 
the disinfection of the root canal, it is found to be detrimental to the apical papilla stem cells. 
Ruparel et al
21
 evaluated the human stem cells of the apical papilla (SCAP) survival after 
exposure to different dilutions of TAP, modified TAP, or a double antibiotic paste 
(metronidazole and ciprofloxacin). Results showed that, in a clinical situation, a 1000 mg/mL 
solution is necessary to create pasty slurry for antibiotic pastes. They have concluded that, the 
current clinical situations could be risky for the survival of SCAP cells during TAP dressing 
and consequently to the ultimate result of dentin-pulp regeneration. In a study done by 
Ruparel et al, where they compared the direct effect of various intracanal medicaments on the 
survival of SCAP cells, they concluded that all the antibiotics including TAP, DAP, 
Augmentin, and mTAP resulted in dose dependent effect on the SCAP cells. They showed 
detrimental effect at higher concentrations and at a lower concentration they did not 
significantly affect the stem cells. TAP in particular showed a detrimental effect at a 
concentration of 100mg/mL and showed no effect at a very minimal concentration of 0.1 and 
0.01mg/mL.  
In other studies it has also been shown that usage of TAP or DAP significantly reduced the 
micro-hardness of dentin when used for more than a month
22,23 
. In a study done by Yilmaz et 
al
22
, where he compared the microhardness of dentin after the placement of various intracanal 
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medicaments, it was concluded that there was significant reduction in the microhardness of 
dentin when TAP or DAP was placed compared with calcium hydroxide. In another study 
done by Yasen et al
23
 on the effect on intracanal medicaments used in endodontic 
regeneration on the microhardness of dentin, they suggested the use of calcium hydroxide and 
methyl cellulose based TAP for the regeneration procedure as they did not significantly affect 
the microhardness of dentin
31 
.  
TAP can also affect the sealer setting and sealer penetration. Oktay et al
24
, evaluated the 
effect of intracanal medicaments used in endodontic regeneration on the push-out bond 
strength of calcium silicate based cement to dentin. He concluded that there was significant 
reduction in bond strength when TAP, DAP and mTAP were used as intracanal medicament. 
With this background, the aim of this study is to evaluate and compare the efficacy of three 
different irrigation methods in removing triple antibiotic paste from the root canal.  
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AIM 
To evaluate the efficacy of three different irrigation methods in the removal of Triple 
antibiotic paste. 
1. Syringe irrigation with normal saline 
2. Syringe irrigation with sodium hypochlorite 
3. Passive ultrasonic irrigation with sodium hypochlorite. 
 
OBJECTIVES 
The objective of this in-vitro study was, 
1. To evaluate and compare the efficacy of three irrigation methods in the removal of 
Triple antibiotic paste. 
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Arslan et al in 2014 evaluated the efficacy of irrigation protocols in the removal of triple 
antibiotic paste from artificial grooves in the root canals. Root canals of 72 extracted 
single rooted teeth were prepared with protaper rotary system upto size F5. The roots 
were split longitudinally and a standardized groove was prepared in the apical part of the 
root canal. TAP was filled in the artificial groove and the root halves were re-assembled. 
The roots were randomly divided into six experimental groups according to the irrigation 
protocol: distilled water, 1% NaOCl, 2.5% NaOCl, 100% Ethanol, 17% EDTA and 1% 
NaOCl with PUI. The results showed that 1% NaOCl with PUI was more effective in 
removing TAP from artificial grooves than other irrigating solutions without passive 
ultrasonic activation
25
. 
Arslan et al in 2014 evaluated the efficacy of needle irrigation, endoactivator and photon 
induced photoacoustic streaming(PIPS) in removal of triple and double antibiotic paste 
from artificial groove created in the root canal. Eighty four single rooted teeth were 
included in the study and instrumentation was done upto size F4. Artificial standardized 
groove was created in all the samples. The samples were divided into two groups 
containing forty two samples. TAP was filled in one group and DAP was filled in another 
group. Needle irrigation, Endoactivator and PIPS were used for the removal of the 
antibiotic pastes. The results showed that PIPS was effective in removal of antibiotic 
pastes from the artificial grooves than Endoactivator and needle irrigation
26
. 
Topcuoglu et al in 2014 evaluated the efficacy of vibringe, passive ultrasonic irrigation 
and conventional syringe irrigation in removal of triple antibiotic paste from simulated 
root canal irregularity. One hundred and eighteen root canals were prepared using 
protaper universal rotary system upto size F4. The root halves were split longitudinally 
and an artificial standardized groove was prepared in the apical and coronal third of all 
the samples. Double and triple antibiotic pastes were filled in the artificial groove and the 
REVIEW OF LITERATURE 
 
11 
 
root segments were re-assembled and then incubated for 7 days. The samples were 
divided into nine groups according to the irrigation protocol: conventional syringe 
irrigation(CSI) with NaOCl+EDTA, CSI with EDTA, CSI with NaOCl, PUI with NaOCl 
+ EDTA, PUI with EDTA, PUI with NaOCl, Vibringe with NaOCl+EDTA, Vibringe 
with EDTA, Vibringe with NaOCl. The results showed that Vibringe with NaOCl+EDTA 
and PUI with NaOCl+EDTA were effective in the apical third than other groups. In the 
coronal third there was no significant difference among the groups
27
.  
Berkoff et al in 2014, evaluated the removal of triple antibiotic paste by different 
irrigation techniques. 36 roots of freshly extracted teeth were used in this study. The 
apical 3mm of the roots were eliminated to avoid ramifications. The canal lumen was 
prepared to a standard size of F1. The triple antibiotic paste was radiolabelled with I
125 
and the calcium hydroxide paste was labelled with Ca
45. 
The roots were divided into two 
groups containing 18 samples each and the radiolabelled medicaments were placed in the 
canal. After an incubation period of 28 days, both the groups were further divided and 
irrigated with maxi-I probe needle and Endovac system. Radioactivity levels were 
measured for each tooth before and after irrigation. The results showed that 88% TAP 
remained in the canal irrespective of the irrigation system used whereas 98% of calcium 
hydroxide was removed from the root canal walls
28
. 
Chua et al in 2014, investigated the antifungal effectiveness of propolis, TAP , 2% 
Chlorhexidine gel and calcium hydroxide against C.albicans. 90 root blocks were 
obtained. The root canal was enlarged to an internal diameter of 0.9 mm using Pesso 
Reamer size no. 2. The specimens were infected for 21 days with C. albicans. Then, the 
specimens were divided into five groups according to placement of intracanal 
medicaments. Group 1 (propolis), Group 2 (triple antibiotic paste), Group 3 (2% 
chlorhexidine Gel), Group 4 (calcium hydroxide with propylene glycol), and Group 5 
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(sterile saline as negative control). At the end of 1 and 7 days, dentine shavings were 
collected at two depths into the dentinal tubules (200 μm and 400 μm), and the total 
numbers of colony forming units were calculated for assessing the remaining vital viable 
fungal population. The results revealed that Propolis was less effective than triple 
antibiotic paste, 2% chlorhexidine gel and calcium hydroxide with propylene glycol 
against C. albicans on day 1 at 400 μm deep inside the dentinal tubules, but equally 
effective after 7 days at both depths
29
. 
Adl et al in 2014, compared the ability of TAP and Calcium hydroxide in the disinfection 
of dentinal tubules. Sixty root blocks were obtained from extracted single rooted teeth. 
The canals were enlarged upto size 3 gates glidden drill. They were contaminated with 
E.feacalis for 21 days. The contaminated blocks were disinfected with saline , TAP or 
CH. Dentinal shavings were obtained at the end of 1
st
 day and 7
th
 day. The vital bacterial 
load was assessed by counting the colony forming units. The results revealed that TAP 
was more effective against E.feacalis than CH
30
.  
Shaik et al in 2014, compared the antimicrobial efficacy of TAP and calcium hydroxide 
using chitosan as carrier against C.albicans and E.feacalis. Eighty single rooted teeth were 
selected, and root blocks were obtained. Instrumentation of the canal space was done by 
using gates glidden size 3. The samples were infected with C.albicans and E.feacalis for 
21 days. The samples were divided into four groups depending upon the antimicrobial to 
be used. Group 1 – TAP+saline, Group 2 – TAP+ chitosan, group 3 – CH+saline, group 4 
– CH+chitosan. The results showed that both the medicaments with chitosan as a carrier 
showed better antimicrobial activity compared to their saline counterparts
31
.  
Alaa et al in 2013, compared the antimicrobial activity of TAP, DAP and calcium 
hydroxide against E.feacalis and Porphyromonas gingivalis. The minimum inhibitory 
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concentration, minimum bactericidal concentration and minimum biofilm inhibitory 
concentration were measured using micrititre plate methods. The resukts showed that 
both TAP and DAP were more effective against E.feacalis and Porphyromonas gingivalis 
than calcium hydroxide. They also concluded that DAP could be an effective alternative 
for TAP
32
.  
Akman et al in 2015 compared the efficacy of irrigation activation systems and 
conventional syringe irrigation technique in the removal of modified triple antibiotic 
paste from the root canal walls. Fifty six mandibular premolars were prepared were filled 
mTAP after instrumentation with protaper rotary files and were randomly divided into 5 
groups containing 10 samples each. According to irrigation regimen used, conventional 
syringe irrigation, self adjusting file, Endovac, Endoactivator, and passive ultrasonic 
irrigation were used to remove the mTAP from the root canals. The results showed that 
conventional irrigation was least effective at all levels of the root canal. At the coronal 
third SAF and PUI were more effective than other systems
33
. 
Thakur et al in 2015 compared the effectiveness of canal brushing technique, sonic 
activation technique, and master apical file for the removal of triple antibiotic paste in 
root canal using scanning electron microscope. Twenty two single rooted teeth were 
instrumented with protaper rotary system till size F2 and filled with TAP. The samples 
were randomly divided into three groups containing six samples each. TAP removal was 
performed in group 1 using canal brush technique in group 2 using endoactivator and in 
group 3 using master apical file. The results showed that canal brush technique and 
endoactivator resulted in better removal of TAP from the coronal and middle third. In the 
apical third none of the techniques were effective
34
. 
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E.Ok et al in 2015, evaluated the effectiveness of different irrigating solutions and the 
ultrasonic activation of the irrigating solutions on the removal of TAP from simulated 
immature teeth. Fifty single rooted teeth with no caries, root defects, fractures and cracks 
were taken in to the study. The root canals were prepared with Reciproc R50. The 
simulation for the immature root apex was carried out using size 4 green 1.5mm diameter 
unicore drills. TAP was placed into the root canals using lentulospirals and the the 
samples were incubated for 4 weeks. At the end of 4 weeks, the samples were randomly 
assigned to one of the four groups for irrigation. Group 1 conventional needle irrigation 
with saline. Group 2 passive ultrasonic irrigation with saline. Group 3 conventional 
needle irrigation with sodium hypochlorite. Group 4 passive ultrasonic irrigation with 
sodium hypochlorite. Group 5 conventional needle irrigation with chlorhexidine 
gluconate solution. The results revealed that ultrasonic activation of sodium hypochlorite 
was most effective in removing TAP from the root canals and chlorhexidine was the least 
effective
35
.  
Reyhani et al in 2015, evaluated different concentrations of TAP against mature 
E.feacalis biofilm. 287 root blocks were obtained and were infected with E.feacalis for a 
period of 21 days. The samples were divided into 7 groups of 40 samples each depending 
upon the concentration of TAP used. Group 1: 1000 mg/mL of TAP  Group 2: 100 
mg/mL of TAP  Group 3: 10 mg/mL of TAP  Group 4: 1 mg/mL of TAP  Group 5: 0.1 
mg/mL of TAP  Group 6: 0.01 mg/mL of TAP  Group 7: normal saline. The dentinal 
shavings obtained from the samples were cultured and the number of colony forming 
units were counted. The results revealed that TAP resulted in complete elimination of 
bacteria at 10,100 and 1000 mg/ml
36
.   
Aksel et al in 2017 compared different irrigation techniques for removal of triple 
antibiotic paste from the root canal. Fifty six maxillary anterior teeth were selected in 
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study and were assigned to five experimental groups: syringe irrigation, Navitip FX, 
Vibringe-syringe irrigation, Navitip FX-Vibringe, Passive ultrasonic irrigation. Navitip 
FX-Vibringe was more effective than PUI and syringe irrigation at all parts of the root 
canal
37
.  
Eymirili et al in 2017, assessed the efficacy of erbium,chromium : Yttrium- scandium-
gallium-garnet (Er-Cr : YSGG) laser activated irrigation of EDTA and phytic acid in the 
removal of calcim hydroxide and TAP from root canals. Eighty extracted maxillary 
incisors were instrumented using protaper universal rotary system upto size F4 and an 
artificial standardized groove was prepared in the apical part of the root canal. The 
samples were divided into two groups(n=40) according to the medicament placed in the 
canal. The specimens were incubated for four weeks. Each group was further divided into 
four groups according to the final irrigation used. Group 1 5ml of 17% EDTA with 
syringe irrigation, group 2 5ml of phytic acid with syringe irrigation, group 3 irrigation 
with EDTA for 15 sec and LAI for 15 sec using   Er-Cr : YSGG laser, group 4 irrigation 
with phytic acid for 15 sec and LAI for 15 sec using Er-Cr : YSGG laer. The results 
showed that, laser assisted irrigation was more effective than syringe irrigation in both the 
groups and the type of irrigating solution did not play an important role
38
.  
Ustun et al in 2017, evaluated the efficiency of different irrigation solutions and 
techniques in removal of TAP from simulated immature root canals. 127 maxillary 
incisor teeth were instrumented using protaper universal rotary system upto size F5. The 
root ends were made immature by resection of the apical 3mm of the roots. The root 
canals were filled with TAP and were incubated for 3 weeks. The samples were randomly 
divided into 9 groups(n=13) according to the irrigation protocol. Group 1, syringe 
irrigation with 10ml of 0.5% peracetic acid(PAA). Group 2, syringe irrigation with 10ml 
of  9%HEBP/2.5% NaOCl solution. group 3, syringe irrigation with 5ml of 17% EDTA 
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followed by 5ml of 5% NaOCl. Group 4, Vibringe irrigation with 10ml of 0.5% PAA. 
Group 5, Vibringe irrigation with 10ml of 9%HEBP/2.5% NaOCl. Group 6, Vibringe 
irrigation of 17% EDTA followed by 5ml of 5% NaOCl. Group 7, Endovac irrigation of 
10ml of 0.5% PAA. Group 8,  Endovac irrigation with 10ml of 9%HEBP/2.5% NaOCl. 
Group 9, Endovac irrigation of 17% EDTA followed by 5ml of 5% NaOCl. The canals 
were sectioned longitudinally and assessed using stereomicroscope for the remaining 
amount of TAP in canals. The results revealed that, in comparision with the irrigation 
systems, conventional syringe irrigation systems left more remaining TAP both at the 
apical and coronal part. In comparision with the irrigating solutions, at the apical part, 
PAA left more TAP and at the coronal part, EDTA+NaOCl group left the least amount of 
TAP
39
.  
Turkaydin et al in 2017, compared the effectiveness of XP endo finisher with passive 
ultrasonic irrigation and needle irrigation in removal of TAP from straight immature root 
canals. Thirty four freshly extracted single rooted teeth were instrumented using protaper 
universal rotary systems upto size F5. The apices were drilled to simulate immature teeth. 
The roots were longitudinally split and artificial grooves were prepared in both halves of 
the root canal. The canal grooves were filled with TAP and the samples were incubated 
for a period of 1 month. The samples were randomly divided into three groups(n=10) and 
irrigation was performed in group 1 with XP endo finisher with 10ml of 5% NaOCl and 
final flush of 2ml of 17%EDTA. In group 2 irrigation was performed by passive 
ultrasonic irrigation with  10ml of 5% NaOCl and final flush of 2ml of 17%EDTA and in 
group 3, irrigation was performed using conventional needle irrigation with 10ml of 5% 
NaOCl and final flush of 2ml of 17%EDTA. The results revealed that, XP Endo finisher 
removed significantly more TAP than needle irrigation and PUI
40
.  
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Ashik Ali Lakhani et al in 2017, compared the antimicrobial efficacy of TAP, 
moxifloxacin, calcium hydroxide and 2% CHX in elimination of E.feacalis. seventyfive 
root blocks were obtained from single rooted extracted teeth and they were contaminated 
with E.feacalis for 21 days. The contaminated samples were then divided into 5 groups 
according to the disinfection protocol. Group1 – saline, group2 – calcium hydroxide, 
group3 – 2% CHX gel, group4 – TAP, group5 – Moxifloxacin. Dentin debris was 
obtained at the end of 1
st
, 7
th
 and 10
th
 day and the bacterial load was assessed by counting 
the number of colony forming units. The results showed 2% CHX showed better 
antimicrobial efficacy against E.feacalis followed by TAP and Moxifloxacin
41
.  
Rodig et al in 2011, compared and evaluated the efficacy of ultrasonic irrigation and 
RinsEndo system in removal of calcium hydroxide from a standardized groove in the root 
canal. The root canals of 60 extracted single rooted teeth were prepared using flexmaster 
rotary instruments upto size 60/0.02. The roots were split longitudinally and artificial 
standardized groove was prepared in one half of the root. The roots were randomly 
allocated to two groups containing 30 samples each according to the medicament placed 
in the groove. Group 1 – grooves filled with calcium hydroxide paste and group 2 – 
grooves filled with ledermix paste. The samples were incubated for 7 days. After 
incubation period, the irrigation was performed with either passive ultrasonic irrigation or 
RinsEndo with 1% NaOCl for 1min. The remaining medicament was evaluated under 
stereomicroscope. The results showed that ledermix paste was better removed from the 
grooves compared to that of calcium hydroxide. There was no significant difference 
between the irrigation systems used
42
.  
A.C.Yucel et al in 2011, compared new irrigation systems with conventional irrigation 
system in the removal of interappointment calcium hydroxide. 47 single rooted human 
permanent teeth were instrumented with protapepr rotary systems upto size F4 and the 
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canals were filled with calcium hydroxide and incubated for 7 days. After the incubation 
period, the samples were randomly allocated to one of the four groups with different 
irrigation protocols containing 10 samples each. Group 1 irrigation was performed with 
conventional syringe irrigation with 5.25% NaOCl, group 2 with Endovac system 5.25% 
NaOCl, group 3 with Piezoflow system 5.25% NaOCl and group 4 with Proultra system 
5.25% NaOCl. The results revealed that Endovac and Piezoflow system resulted in 
cleaner canals than the conventional syringe irrigation system and Proultra system
43
. 
Van der Sluis et al in 2010, evaluated the capacity to remove calcium hydroxide paste 
from the root canal and efficacy of calcium hydroxide removal by passive ultrasonic 
irrigation using NaOCl or water as irrigant. Sixteen mandibular premolars were 
instrumented using GT upto size 30/0.06 taper. The roots were split longitudinally and an 
artificial standardized groove was prepared in the apical part of the root segments and 
then filled with calcium hydroxide paste. The samples were then allocated randomly to 
one of the three groups with different irrigation methods. Group 1 with 50ml of 2% 
NaOCl agitated with PUI, group 2 with 50ml water agitated with PUI and group 3 with 
50ml NaOCl with syringe irrigation. The results showed that NaOCl with PUI group had 
better efficiency in removing the calcium hydroxide paste from the root canals
44
. 
Tasdemir et al in 2011 compared the efficacy of different techniques in the removal of 
calcium hydroxide medicament from the root canals. The root canals of 24 freshly 
extracted human mandibular premolars were instrumented with protaper rotary systems 
till size F4. Calcium hydroxide was placed in the canals and were incubated for seven 
days. The samples were randomly divided into four groups: conventional syringe 
irrigation with 2.5% NaOCl, conventional syringe irrigation with 2.5% NaOCl and 17% 
EDTA, PUI with 2.5% NaOCl, PUI with 2.5% NaOCl and canal brush. The results 
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revealed that PUI and canal brush was effective in removing calcium hydroxide than 
other techniques
45
.  
Ahmetouglu et al in 2013, evaluated the efficiency of self adjusting file and passive 
ultrasonic irrigation on the removal of calcium hydroxide from root canals. Fifty one 
mandibular premolars were instrumented with Revo-S rotary files upto size 40/0.06 and 
the canals were filled with calcium hydroxide paste. After incubation of the samples for 1 
week they were randomly assigned to one of the three groups for irrigation to be carried 
out. In group 1, calcium hydroxide removal was done using SAF file system. In group 2, 
calcium hydroxide was removed by passive ultrasonic irrigation and in group 3 it was 
removed by conventional syringe irrigation method. The teeth were then split 
longitudinally and they were examined under scanning electron microscope for evaluation 
of the remaining calcium hydroxide in the root canals. The results revealed that passive 
ultrasonic irrigation was more effective than SAF and conventional syringe irrigation 
systems in removing the calcium hydroxide
46
.  
k.Chou et al in 2013 compared the efficiency of different irrigation systems in removing 
different intracanal medicaments from the root canals. A total of 168 single rooted teeth 
were instrumented using protaper universal system upto size F3 and the samples were 
divided into four groups depending upon the medicament used to fill the canals (ledermix, 
odontopaste, Doxypaste and Pulpdent). After incubation period of 4 week, the 
medications were removed by one of the four irrigation methods (irrigation with open 
ended notched needle at the working length, irrigation with open ended notched needle 
5mm from the orifice, Maxi-I-probe used at the working length and Endoactivator used at 
the working length. The remaining medicaments were evaluated using stereomicroscope. 
The results showed that calcium hydroxide paste was the most difficult to remove and 
showed no significant difference among the irrigation techniques used. The position of 
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the needle and type of medicament are the major factors governing the effectiveness of 
medicament removal from the root canal
47
. 
Silva et al in 2014, evaluated with micro-CT the efficacy of passive ultrasonic irrigation 
with or without an additional file in removing the calcium hydroxide medication in the 
root canals. Thirty two single rooted teeth were instrumented with protaper rotary system 
till size F4 and the canals were filled with calcium hydroxide and were incubated for 30 
days. After the incubation period, the samples were divided into four groups : PUI with 
1% NaOCl, file only (F5), PUI + additional file with 1% NaOCl , control group with F4 
master apical file only as control group. The results showed that the use PUI resulted in 
more effective use of calcium hydroxide removal irrespective of the additional file used
48
. 
Capar et al in 2014, compared the efficacy of conventional syringe, ultrasonic, Endovac, 
self-adjusting file irrigation systems in removal of calcium hydroxide from simulated root 
canal irregularities. The root canals of 88 single rooted teeth were prepared using protaper 
universal system up to size F4. The roots were split longitudinally and a standardized 
groove was prepared in the apical part of the canal. The calcium hydroxide was placed in 
the root canal and the root halves were reassembled. The roots were randomly allocated 
into 4 groups containing 20 samples each according to the irrigation technique used: 
conventional syringe irrigation, passive ultrasonic irrigation, Endovac irrigation and SAF 
irrigation. The results showed that PUI and SAF were effective in removal of calcium 
hydroxide from the root canal groove compared to conventional syringe irrigation and 
endovac system
49
. 
Arslan et al in 2014, evaluated the effectiveness of various irrigating solutions in the 
removal of calcium hydroxide mixed with 2% chlorhexidine gel from an artificially 
created groove in the apical third of the root canals. 48 mandibular premolars were 
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prepared using protaper rotary systems upto size F4. The roots were split longitudinally 
and the artificial groove was prepared in the apical part and was filled with calcium 
hydroxide and the root halves were re-assembled. The roots were divided into four 
experimental groups containing 10 samples each according to the irrigation solution used: 
1% NaOCl, 17% EDTA, 7% maleic acid, 10% citric acid. All the irrigating solutions 
were irrigated through conventional syringe irrigation. The results revealed that 7% 
maleic acid and 10% citric acid were superior in removing calcium hydroxide from the 
artificial grooves compared with 1% NaOCl and 17% EDTA
50
.  
Khademi et al in 2015, compared the efficiency of passive ultrasonic irrigation and 
RinsEndo in the removal of calcium hydroxide from the root canal. Fifty single rooted 
anterior teeth were instrumented using flexmaster files upto size 30/0.06 taper. The canals 
were filled with injectable calcium hydroxide and were incubated for 1 week. The 
samples were divided into 2 experimental groups according to the irrigation methods. In 
group 1, irrigation was performed by RinsEndo system and in group 2, irrigation was 
performed using passive ultrasonic irrigation system. The canals were dried and the teeth 
were sectioned longitudinally and were examined under stereomicroscope for the 
remaining amount of calcium hydroxide in the root canal. The results showed that there 
was no significant difference in the removal of calcium hydroxide from the root canal
51
. 
Alturaiki et al in 2015, evaluated the effectiveness of different irrigation systems on the 
removal of calcium hydroxide from root canals using scanning electron microscope. 40 
single rooted teeth were decoronated and instrumented using profile system in a crown 
down manner upto size 40/0.04. The canals were filled with calcium hydroxide and 
incubated for 1 week. After incubation, the samples were randomly divided into 4 groups 
with different irrigation techniques: master apical file, Endovac, Endoactivator and 
Proultra systems with 3ml of 1% NaOCl and 3ml of 17% EDTA. The results showed that 
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Endoactivator removed calcium hydroxide better than other systems in each third of the 
canal
52
.   
Kutarc et al in 2016, investigated the efficacy of Er,Cr:YSGG laser with different 
irrigation solutions in removing calcium hydroxide from artificially created grooves in the 
root canal. The root canals of 160 mandibular premolars were instrumented with protaper 
rotary system upto size F4. The roots were split longitudinally and artificial grooves were 
created in one segment of the split root. The roots were divided into two main groups ( 
needle and laser) and the two groups were further divided into four groups according to 
the irrigation solution used ( NaOCl, EDTA, Qmix , peracetic acid). After irrigation the 
remaining calcium hydroxide in the root canals were measured using streomicroscope. 
The results revealed that, laser activated group resulted in cleaner canals than the needle 
irrigation group and NaOCl left more CH in the canals compared to other groups. There 
was no significant difference among 17% EDTA, peracetic acid and Qmix solution
53
. 
Wigler et al in 2016, compared the efficacy of XP endofinisher to that of passive 
ultrasonic irrigation and conventional syringe irrigation in the removal of calcium 
hydroxide paste from artificial standardized groove in the apical third of root canals. Sixty 
eight mandibular incisors with single canals were taken into study and instrumentation 
was done using Mtwo instrument upto size 40/0.04. Each tooth was split longitudinally 
and artificial standard grooves were prepared in the apical part of each half of the root 
canal. The grooves were filled with calcium hydroxide paste and reassembled. The 
samples were incubated at 37°C and 100% humidity for 1 week. After the incubation 
period the samples were divided into three experimental groups having 20 samples each. 
In group 1 irrigation was performed by conventional syringe and needle irrigation, in 
group 2 irrigation was done by passive ultrasonic irrigation and in group 3 calcium 
hydroxide was removed using XP Endofinisher file. The results showed that passive 
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ultrasonic irrigation and XP Endofinisher resulted in efficient removal of calcium 
hydroxide from the grooves
54
. 
Kfir et al in 2018 conducted a study to compare the effectiveness of self adjusting file, 
XP Endofinisher, passive ultrasonic irrigation and conventional syringe and needle 
irrigation in the removal of calcium hydroxide from artificial groove in the root canal. 
Eighty mandibular incisors were taken into the study and were instrumented using Mtwo 
rotary files upto master apical size 40/0.04 taper. The samples were longitudinally 
sectioned and a standardized groove was prepared in the root canal and the grooves were 
filled with calcium hydroxide and the roots reassembled. The samples were incubated for 
1 week. After the incubation period, the samples were randomly divided into four 
experimental groups containing 18 samples each. In group 1 – irrigation was performed 
using self adjusting file with 4% NaOCl. In group 2 – irrigation was performed using 
passive ultrasonic irrigation with 4% NaOCl. In group 3 – calcium hydroxide was 
removed by using XP Endofinisher files. In group 4 – irrigation was performed by using 
conventional syringe and needle irrigation. After the irrigation protocol, the specimens 
were examined under stereomicroscope for the amount of remaining calcium hydroxide 
in the grooves. The results showed that SAF, PUI and XP Endofinisher resulted in 
significantly higher removal of calcium hydroxide from the grooves but there was no 
significant difference between them
55
.    
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MATERIALS: 
S.No Material used Brand name/ 
Manufacturer details 
1.  Human maxillary central incisor  N= 60 
2.  Diamond disc and mandrel Kerr dental, Germany 
3.  K-files Mani Inc, India 
4.  Protaper universal rotary files Dentsply mallifer, Switzerland 
5.  Normal saline Albert David Ltd 
6.  3% Sodium hypochlorite Prime Dental Products, India 
7.  17% EDTA Prime Dental Products, India 
8.  Ciprodac 500 Cadila manufacturers, India 
9.  Metrogyl 400 J.B. Chemicals and 
Pharmaceuticals Ltd, India 
10.  Cyanomycin 100 Medreich Ltd, India 
11.  Propylene glycol Nice Pharmaceuticals, India 
12.  Lentulo spirals Mani Inc, India 
13.  Cavit  3M ESPE, Germany 
14.  30G side vented needle Easyinsmile dental, India 
15.  Irrisafe tip Satelac 
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S.No Equipments used Brand name / 
Manufacturer details 
1.  Micromotor M4 Marathon, India 
2.  Endomotor X smart , Dentsply Mallifer, 
Switzerland 
3.   Laboratory incubator Innovative instruments, India 
4.  Ultrasonic scaler P5 Newtron , Satellac 
5.  Stereomicroscope Olympus Medical systems India 
Private limited 
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METHODS: 
SAMPLE COLLECTION 
This study was approved by the Ethical Committee/ Institutional Review Board of Best 
Dental Science College, Madurai (Ref no - 2016-STU-BrIV-PRI-18). Single rooted 
maxillary central incisors were taken into this study to eliminate the variation between the 
samples. Recently extracted thirty human maxillary central incisors with mature apices and 
single canal, free from caries, mature apices and without root fracture were selected for this 
study (Fig 1). The selected teeth were ultrasonically cleaned to remove any soft tissue or 
calculus present on the root surface. The samples were stored in saline until use. 
STANDARDIZATION OF SAMPLES 
The teeth were decoronated at the level of CEJ with diamond disc attached to the micromotor 
under water coolant (Fig 2). A standard root length of 18mm was obtained in all samples (Fig 
2.A).    
INSTRUMENTATION OF SAMPLES 
A #10 size k-file was inserted into the root canal until it was visible at the apex. Working 
length was established 1mm short of this length. Instrumentation of the canal was done using 
Protaper universal rotary system upto master file size F4 (Fig 3). Irrigation was done with 
2ml of 2.5% sodium hypochlorite solution between each instrument and a final flush was 
done with 2ml of 17% EDTA solution. The canals were dried with paper points. The samples 
were fixed in Eppendorf vials with silicone material(Fig 3.A). 
PREPARATION OF TRIPLE ANTIBIOTIC PASTE 
Triple antibiotic paste was prepared in the ratio of 1:1:1 by using commercially available 
tablets. The enteric coating of the tablets (Fig 4) were removed and pulverised into a powder 
MATERIAL AND METHODOLOGY 
 
27 
 
using motor and pestle (Fig 4.A). The powder was then transferred to a dapen dish and mixed 
with propylene glycol(Fig 4.B) in the ratio 3:1 to obtain the paste form(Fig 4.C).    
APPLICATION OF TRIPLE ANTIBIOTIC PASTE 
Lentulo spiral was selected that does not bind with the canal walls. It was fixed to the slow 
speed contra-angle handpiece and was inserted into the root canal 2mm short of the working 
length. The paste was carried into the root canal and applied until excess was seen at the 
apex(Fig 5). The orifice of the canal was sealed temporarily by placing a cotton pellet in the 
orifice and then with cavit.  
STORAGE OF SAMPLES 
The samples were stored in incubator (Fig 6) in 37°C at 100% humidity for a period of 7days. 
EXPERIMENTAL GROUPS 
The sixty samples were randomly divided into three groups containing 20 samples each    
(Fig 7). 
 
Group I – Syringe irrigation with Normal saline 
The temporary seal was removed. Irrigation was done by using 30G side vented needle (Fig 
8) inserted 1mm short of working length. 10ml of normal saline (Fig 8.A) was flushed into 
the canal for a time period of 1min(Fig 8.B).    
 
Group II – Syringe irrigation with Sodium hypochlorite 
The temporary seal was removed. Irrigation was done by using 30G side vented needle 
inserted 1mm short of working length. 10ml of 3% sodium hypochlorite solution (Fig 8.C) 
was flushed into the canal for a time period of 1min (Fig 8.D).  
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Group III – Passive ultrasonic irrigation with sodium hypochlorite 
The temporary seal was removed. 10ml of 3% NaOCl was activated with the irrisafe tip (Fig 
8.E) was attached to the scaler unit (Fig 8.F). The tip was inserted into the root canal 1mm 
short of the working length and activated at a power setting of 6 for a period of 1min (Fig 
8.G). All the samples were dried with paper points. 
 
EVALUATION OF THE REMANING TAP IN THE CANAL 
The samples were sectioned bucco-lingually using a diamond disc with copious water 
avoiding penetration into the root canal lumen and was split into two halves with a chisel. A 
total of forty samples were obtained for each group and all the samples were analysed for the 
remaining TAP using stereomicroscope at 25x magnification (Fig 9). Digital images of the 
root halves were obtained by digital camera connected to the stereomicroscope. The images 
were then transferred to the computer. The images were evaluated with Digimizer image 
analysis software for the amount of TAP remaining in the canal (Fig10, 10.A, 10.B). The 
amount of TAP remaining in the canal was measured by two methods, 
1. The remaining TAP was measured in mm2 and was recorded as a percentage of 
overall surface area of the root canal space.  
2. A scoring system as proposed by Aksel et al37 was used to score the obtained 
percentage of remaining TAP in the canals :  
Score 1 – less than 25% of the root canal filled with TAP,  
Score 2 – 25-50% of the root canal  filled with TAP,  
Score 3 – 50-75% of the root canal filled with TAP,  
Score 4 – 75-100% of the root canal filled with TAP.  
The results were statistically analysed.    
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RESULTS 
The amount of TAP remaining in the root canal after the irrigation procedure in group I, 
group II, and group III were measured in mm
2 
and were recorded as percentage of over all  
root canal space. The results are tabulated in Table 1. 
Table – 1 – Amount of remaining TAP in all the three groups after irrigation (%) 
S.No Group – I Group – II Group – III 
1.  21.1 17.8 30 
2.  57.5 25.5 16.3 
3.  42.3 27.4 12.7 
4.  27.5 47.3 14.2 
5.  27.9 44.5 48.5 
6.  39.6 47 47.4 
7.  46.8 37.4 3.6 
8.  38.1 58.1 43.7 
9.  53.4 20.1 18.7 
10.  61.8 21.5 6.5 
11.  20.5 27.4 10.3 
12.  43.5 14.4 54.5 
13.  22.7 29.9 19.2 
14.  21.8 17.9 17.8 
15.  21.3 66.9 3.4 
16.  28.3 11.9 49 
17.  36.7 29.8 36.1 
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18.  38.2 14.4 45.9 
19.  46.8 53 2.5 
20.  38.5 36.2 7.4 
21.  53.2 34.6 10.9 
22.  46.3 20.9 40.6 
23.  43.6 36.5 27.2 
24.  15.07 30.9 4.6 
25.  33.9 30.2 42.5 
26.  27.2 14.07 60.4 
27.  19.1 15.7 9 
28.  13.1 16.6 18.3 
29.  69.3 42.2 9.6 
30.  44.8 28.1 43.3 
31.  37.04 37.7 47.8 
32.  37.7 34.9 64.9 
33.  63.9 34.6 13.8 
34.  86.5 22.3 6.6 
35.  65.1 21.8 21.3 
36.  61.9 29.9 24.5 
37.  54.3 17.3 45.1 
38.  67.7 26.2 60.9 
39.  47.3 27.9 2.3 
40.  40.7 32.5 13.4 
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The Normality test Shapiro-Wilks test result reveals that the variable, percentage of residual 
TAP present in the root canal did not follow Normal distribution. Therefore, non-parametric 
method is applied to analyse the data.  
To compare the percentage of residual TAP present in the root canal between groups 
Kruskal Wallis test was used followed by Bonferroni adjusted Mann Whitney test for 
multiple pair wise comparisons. To analyse the data SPSS (IBM SPSS Statistics for 
Windows, Version 23.0, Armonk, NY: IBM Corp. Released 2015) was used. Significance 
level was fixed as 5% (α = 0.05). 
Table – 2 - Descriptive Statistics for percentage of residual TAP in the root canal 
 
Residual TAP (%) 
Group 
Group -I Group -II Group –III 
N 40 40 40 
Mean 41.6 30.1 26.4 
Std. Dev. 16.89 12.65 19.19 
Median 40.2 29.0 19.0 
1st Quartile 27.7 20.5 10.0 
3rd Quartile 53.3 36.4 44.4 
Minimum 13.1 11.9 2.3 
Maximum 86.5 66.9 64.9 
 
The mean percentage of TAP remaining in the canal is found to be low in group III 
(26.4) followed by group II(30.1) and group I(41.6).  
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Table – 3 - Comparision of mean rank values of the percentage of remaining 
TAP present in the root canal 
 Group N Mean Rank p-value 
Residual TAP 
(%) 
Group –I 40 77.70 
<0.001 Group –II 40 55.94 
Group -III 40 47.86 
*Kruskall-Wallis test 
Since the p value is  <0.001, there is statistically significant difference among the groups. 
While comparing the mean rank values it is seen that Group III has the lowest value followed 
by Group II and Group I. This suggests that Group III has the least amount of remaining TAP 
in the root canal followed by Group II and Group I  
Table – 4 - Pairwise comparison of the  percentage of residual amount of TAP 
present in the root canal 
 Group - I Group - II Group - III 
Group – I - 0.015 <0.001 
Group – II  - 0.898 
Group – III   - 
* Bonferroni adjusted Mann Whitney test  
*Test groups with p value highlighted in bold letters show significant difference. 
  
Pairwise comparison was made among the groups by using Bonferroni adjusted Mann 
Whitney test. The results showed that there was significant difference between group I and 
group III and there was no significant difference when comparing group I and group II and 
group II and group III respectively.  
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A scoring system as proposed by Aksel et al
37
 was used to evaluate the remaining TAP in the 
canals.  
 Score 1 – less than 25% of the root canal filled with TAP,  
 Score 2 – 25-50% of the root canal  filled with TAP,  
 Score 3 – 50-75% of the root canal filled with TAP,  
 Score 4 – 75-100% of the root canal filled with TAP. 
 
Graph – 1 – Distribution of scores for the remaining TAP after different 
irrigation protocols 
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The distribution of scores among the three groups is as follows. Group III had the highest 
number of samples with score 1 followed by group II and Group I. This distribution shows 
that higher numbers of samples with least amount of remaining TAP in the root canals were 
seen with Group III. Score 2 was seen to be almost equal in Group I and Group II and there 
were reduced number of samples in Group III with score 2. Group I had the highest number 
of samples with score 3 followed by Group II and Group III. Only 2 samples in Group I had 
score 4. Group II and Group III did not have any samples having score 4.   
The above results indicate that Group III had the lowest amount of TAP i.e less than 25% of 
TAP when compared to Group I and Group II. Both Group I and Group II had equal samples 
with 50% of TAP remaining in the root canal.   
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                        DISCUSSION  
 
 
DISCUSSION 
 
47 
 
The success of the endodontic therapy is dependent on various factors that mainly 
govern the complete debridement of the root canal system of the pathological micro-
organisms. Though there is no general agreement defining the term “success” in endodontics, 
various studies have been carried out regarding the cause for the failure of the endodontic 
treatment. Sundquist et in 1998
56
 microbiologically analysed the failed endodontically 
treated teeth and proposed the common causes for the failure. In his study, Inadequate aseptic 
control, insufficient instrumentation, poor access cavity design, missed canals and leaking 
temporary or permanent restorations have been proposed as the causes for endodontic failure 
all of which predispose to the persistence of micro-organisms in the root canals.  
Bacteria that are present in the root canal areas like ramifications, isthmuses and 
dentinal tubules evade the treatment procedures and lead to the persistence of the infection. In 
a study done by Lin et al in 1992 on 236 endodontic failure cases, they found a positive 
correlation between the presence of bacterial infection in the canals and the periradicular 
rarefaction. Leaky or faulty restorations can also lead to the persistence of micro-organisms 
in the root canal. Evaluation on the cause of endodontic failure has to be made so as to decide 
upon the surgical or non-surgical endodontic re-treatment. When the failure is due to the 
persistence of intracanal infection, then non-surgical endodontic re-treatment serves to be 
beneficial because they primarily aim at eliminating the bacteria inside the root canal system. 
The goals of non-surgical endodontic re-treatment are to remove materials that are present in 
the root canal space, address deficiencies and repair defects and most importantly elimination 
of the persistent micro-organisms. It helps in identification of mechanical failures, previously 
missed canals and radicular subcrestal fractures. Additionally it also allows the clinicians to 
three dimentionally clean and obturate the root canal system.  
The mechanical instrumentation of the root canal is the primary way to eliminate the 
micro-organisms. The complex anatomy of the root canal system and the movement 
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dynamics of the instruments inside the root canal propose a challenge in complete elimination 
of the micro-organisms in the root canal. The irrigating solutions and the inter appointment 
intracanal medicaments function as a valuable adjunct in this aspect. The intracanal 
medicaments, when used serve to provide the intended pharmacological action. The 
intracanal medicaments mainly function to eliminate or reduce the microbial load, render the 
canal contents inert, prevent post-operative pain and enhance the anaesthesia.  Various agents 
have been used as intra-canal medicaments of which calcium hydroxide is most commonly 
used. Calcium hydroxide acts on pro-Inflammatory cytokines and leads to denaturation of 
these pro-inflammatory mediators such as interleukin-1α (IL-1α), tumor necrosis factorα 
(TNFα) and calcitonin gene-related peptide (CGRP). This is the potential mechanism by 
which calcium hydroxide contributes to the resolution of periradicular periodontitis
57
. 
However its efficacy against E.feacalis and C.albicans is questionable
58
. 
In recent years antibiotics are being used efficiently for the specific, localised 
antimicrobial action. Due to the presence of various species of bacteria in the root canal 
system, a single empirical antibiotic does not seem to provide sufficient disinfection of the 
root canal system. Triple Antibiotic paste was introduced by Hoshino et al in the year 1996. 
TAP is a combination of ciprofloxacin, metronidazole and minocycline in the ratio of 1:1:1.  
Many researches were conducted evaluating the antimicrobial efficacy of TAP. In a 
study conducted by Mozayeni et al in the year 2014, where they compared the antimicrobial 
efficacy of four different intracanal medicaments against E.feacalis, they showed that TAP 
was more effective than calcium hydroxide, chlorhexidine gel and nanosilver
59
. The 
efficiency of its antimicrobial activity was tested against Actinomycoses naeslundii bioflim, 
which are the main bacteria in traumatised permanent teeth with necrotic pulp. TAP showed 
significant eradication of this biofilm (Alberquerque, 2015)
60
.  In another study by Mehta et 
al in 2017
61
 where they compared the antimicrobial efficacy of triple antibiotic paste, calcium 
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hydroxide and a proton pump inhibitor against resistant root canal pathogens they concluded 
that TAP had best antimicrobial efficacy against E.feacalis and C.albicans. When TAP is 
used as intracanal medicament, it is found to be effective compared to calcium hydroxide in 
the prevention of inter-appointment flareups in diabetic patients (Swati et al, 2014)
62
.  
Inspite of the profuse advantage of TAP in endodontics it has some disadvantage that 
makes their complete removal mandatory. TAP when present in the root canal for a longer 
period could cause discolouration of the root canal dentin. Kim et al
19
 in 2010, proposed that 
the discolouration is due to the presence of minocycline in its composition. Yassen et al in 
2015 and Yilmaz et al in 2016 concluded that TAP causes reduction in the microhardness of 
the dentin when used for more than a month. Otkay et al
24
 in 2018 proposed that TAP 
interferes with the sealer penetration causing a weaker interface between the sealer and the 
root dentin.  
Hence the aim of this study was to compare the efficacy of three different methods of 
irrigation, syringe irrigation with normal saline, syringe irrigation with NaOCl, Passive 
ultrasonic irrigation with NaOCl, in removal of triple antibiotic paste. 
Various irrigation protocols have been tried in the literature for the complete removal 
of intracanal medicaments from the root canal system. The effective removal of intracanal 
medicaments from the root canal depends on several factors like, variations in the root canal 
morphology, the type of irrigating solution used, the volume of irrigating solution used and 
the formulation of the medicament. Intracanal medicaments are removed from the root canal 
system by several methods.  
 Manual method is the most widely used method in which removal is facilitated by 
using NaOCl or saline as irrigant and using small endodontic instrument or master 
apical file in reaming motion.  
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 Machine assisted removal in which different irrigation systems have been used along 
with the flushing action of the irrigant.  
 Chemical method in which various irrigating solutions have been used for the 
removal.  
 Combination method in which the above methods are combined to have a superior 
removal of the medicaments. 
The preparation of triple antibiotic paste was made following the procedure suggested 
by Takushige et al. The commercially available tablets were removed of their enteric coating 
and they were powdered by using mortar and pestle. This powder was mixed with propylene 
glycol in the ratio 3:1 to obtain the paste. 
Previous studies done on the removal of calcium hydroxide by Van der Sluis et al in 
2007 and on the removal of the TAP by Arslan et al in 2014 used the groove model to 
simulate root canal irregularities
46,49
. The standardized grooves might not reflect the entire 
root canal anatomy (Rodig et al, 2011)
49
.  Various methods have been adopted for placing  
intracanal medicaments in the root canal. In a study done by Galvao et al in 2017
63
, they 
concluded that placement of intracanal medicaments using rotary lentulospiral had lesser 
void. Various irrigation solutions and methods have various effects on the removal of 
intracanal medicaments. In a study done by Ghivari et al in 2011
64
, they proposed that side 
vented needles were effective in removing root canal debris. The side vented needle is 
proposed to improve the hydrodynamic activation of the irrigant and also they reduce the 
chance of apical extrusion of the irrigants.  
  NaOCl removes significantly more smear layer, bacteria, pulp tissue and dentine 
debris from the root canal than saline when activated with PUI (Cameron 1987, Metzler & 
Montgomery 1989). Hence NaOCl and saline were used in this study. Few studies have been 
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done so far comparing the efficiency of NaOCl when it is agitated with passive ultrasonic 
irrigation.  
The result of this study showed that, there is no significant difference (p>0.001) in the 
removal of TAP from the root canal when normal saline or sodium hypochlorite was used for 
irrigation with conventional syringe irrigation method. The mean percentage of remaining 
TAP in the root canal in group I(saline with conventional syringe irrigation) was 41.6 and 
group II (NaOCl with conventional syringe irrigation) was 30.1.  
Though saline and NaOCl with conventional syringe irrigation showed no statistically 
significant difference (p=0.015), NaOCl efficiently removed TAP from root canal system 
compared to saline. Sodium hypochlorite as an irrigant removes more debris from the root 
canal when compared to normal saline. As 30% of the dentinal debris after root canal 
instrumentation is made up of organic material, the excellent tissue dissolving ability of 
NaOCl makes it more effective in removing debris from the root canal. But in the present 
study this tissue dissolving ability of NaOCl has no role in the removal of TAP as it is 
completely as inorganic material.  
The results showed that passive ultrasonic irrigation with 3% sodium hypochlorite 
was the most effective in removal of TAP from the root canals with a mean residual 
percentage of 26.4 which was statistically significant (p<0.001). The results were in 
accordance with the study done by Arslan et al, 2014 and Akman et al, 2015. 
Passive ultrasonic irrigation depends on the transmission of acoustic energy to the 
irrigants through the oscillating file or wire placed inside the root canal. After the root canal 
has been shaped to master apical file size, a smaller size file is introduced into the root canal 
filled with the irrigating solution and the file is activated. The activated file transmits the 
energy to the irrigant and induces acoustic micro-streaming and cavitation to the irrigant 
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solution. As the canal has been already shaped the passive non cutting movement of the 
freely oscillating file will cause deeper penetration of the irrigant solution in the root canal 
and also does not cause any aberrant cuts in the dentin walls. The ultrasonic device converts 
the electrical energy into ultrasonic waves of certain frequency. The property of the ultrasonic 
material used determines the frequency of the oscillating instrument. A higher frequency 
results in higher streaming velocity of the irrigant. The streaming resulting thus formed is 
inversely proportional to the surface area of the file touching the canal. This results in 
increased shear stress between the irrigant and the canal wall resulting in increased removal 
of the contents of the canal. 
Acoustic streaming is the rapid movement of the liquid around an instrument in a 
circular or vortex like movement. When this occurs in case of root canal irrigation it is 
termed acoustic micro-streaming. In acoustic micro-streaming, a frictional force is created 
between the medium and the file carrying the vibrations. This result in the formation of 
streaming near the obstacles (nodes and antinodes) placed in the sound field.  The streaming 
pattern of the irrigant from the apical to the coronal part of the canal
65 
will improve the 
removal of debris from the root canal compared to conventional syringe irrigation method.   
Eventhough sodium hypochlorite is efficient in removing organic debris, the possible 
reasons for its improved efficiency in removing intracanal medicaments have been put-forth 
by Lee et al in 2004. The physical properties of NaOCl is different. It is a salt water 
suspension.  Bubbles formed in salt water tend to be more numerous in number and they are 
smaller in size. These bubbles thus formed are less prone to coalesce
66
. Because of this, the 
acoustic microstreaming will be different and could perhaps be more powerful. 
During PUI, gas will dissolve in the bubbles during cavitation and the oscillations of 
the bubbles depend upon the concentration of the dissolved gases, the temperature of the 
liquid used and the presence of small amount of surface impurities that are present on the 
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bubble
67
. When NaOCl is used as an irrigant for PUI, chlorine gas that is present in them gets 
dissolved in the bubbles. This will have an increased effect on the oscillation of the bubbles. 
This could also have led to the increased efficiency of sodium hypochlorite with passive 
ultrasonic irrigation.  
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The success of the endodontic treatment depends upon complete elimination of the 
pathologic micro-organisms present in the root canal system. The complex anatomy of the 
root canal system and the polymicrobial nature of the root canal pathogens pose a difficulty 
in the complete elimination of the causative organisms. Instrumentation of the root canal 
serves as a primary means in eliminating the root canal pathogens. But the use of mechanical 
method alone in an attempt to completely debride the root canal system is usually not 
sufficient. 
Irrigation solutions and intracanal medicaments that are used with specific action in 
the root canal serve as valuable adjunct in the debridement of the root canal. Various 
antibiotics have been used in the field of endodontics to provide disinfection of the canal 
space. Recently introduced Triple antibiotic paste has an important role in disinfection of the 
canals and has been proved to be effective against the most resistant pathogenic species. 
Some disadvantages of using triple antibiotic paste in the disinfection of the canals over a 
longer period are discolouration of the root canal dentin, reduction in the micro-hardness of 
the dentin and reduction in the sealing ability of the sealer. Hence complete removal of TAP 
is necessary.  
This study was designed in order to evaluate three different irrigation methods in the removal 
of triple antibiotic paste from the root canal.  
Sixty extracted human maxillary central incisors with no caries and mature apices were 
selected for the study. The samples were decoronated at the CEJ to obtain a standard root 
length of 18mm. The root length was measured by inserting a 10 size k file into the canal 
lumen until it was visible at the apex and working length was established 1mm short of this 
length. The canals were instrumented with protaper universal rotary system upto master 
apical size of F4. Triple antibiotic paste was prepared according to the methodology proposed 
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by Takushige et al. The antibiotic paste was placed in the prepared canals using 
lentulosppirals and the orifice was sealed temporarily using cavit. The samples were 
incubated at 37°C and 100% humidity for one week. 
After incubation the samples were randomly divided into three experimental groups having 
twenty samples each. Group I irrigation was carried out with conventional syringe irrigation 
with 30G side vent needle with saline. In group II irrigation was carried out with 
conventional syringe irrigation with 30G side vent needle with 3% NaOCl. In group III 
irrigation was carried out with 3% NaOCl with passive ultrasonic irrigation. The canals were 
dried with paper points and they were sectioned longitudinally and a total of 40 samples were 
obtained for each group. All the samples were evaluated under stereomicroscope. Digital 
images of the sectioned root canals were obtained and were evaluated using Digimizer image 
analysis software. The amount of TAP remaining in the root canal was measured in mm
2 
and 
was recorded as percentage of overall surface area of the canal. Scoring system as proposed 
by Aksel et al was used to score the remaining TAP in the root canal. 
Score 1 – less than 25% of the canal filled with TAP 
Score 2 – 25-50% of the canal filled with TAP 
Score 3 – 50-75% of the canal filled with TAP 
Score 4 – 75-100% of the canal filled with TAP. 
The results obtained were statistically evaluated.  
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The results showed that there was significant difference between the groups. 
Conventional syringe irrigation with saline had a mean remaining percentage of 41.6 and 
sodium hypochlorite was 30.1. Though the results showed a slightly higher efficiency of 
sodium hypochlorite in the removal of TAP the results showed that there was no statistical 
difference among the two groups. Sodium hypochlorite with passive ultrasonic irrigation was 
the most effective among the three groups in the removal of TAP from the root canals with 
the mean percentage of 26.4 remaining in the canal. 
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Within the limitations of the present study it can be concluded that, 
 None of the proposed irrigation methods resulted in complete elimination of TAP 
from the root canals. 
 3% Sodium hypochlorite when used with Passive ultrasonic irrigation resulted in 
better removal of TAP from the root canals compared to 3% sodium hypochlorite 
used with conventional syringe irrigation and normal saline used with conventional 
syringe irrigation  
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